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yjJK 576.895.122:594.124 

HCIIOJIb30BAHHE BEPORTHOCTHOH MOflEJIH 
OIJEHKH 3APA2KEHHOCTH BEJIOMOPCKHX MH^HH 
(MYTILUS EDULIS) METAIJEPKAPHflMH 
HIMASTHLA ELONGATA (TREMATODA: ECHINOSTOMIDAE) 

© H. A. JlesaKHH, K. E. HHKOJiaes 

B CTaTbe ^ejiaeTCH nonbiTKa onwcaHUH 3apa^ceHHOCTH 6ejioMopcKHx mh^hh Mytilus 
edulis (Mollusca: Bivalvia) MeTauepKapHHMM Himasthla elongata (Trematoda: Echinosto- 
midae) Ha ocHOBe npocTOH bcpohthocthom Mo^ejiH. 

B pnue cjiynaeB SKcnepuMeHTajibHoe H3yHeHMe 6MOjrormecKHx npoueccoB, 
npoTeKaiomHx b npMpoue, OKa3biBaeTCH 3aTpyuHHTejibHbiM. TaKne cMTyauMM Macro 
CKJia^biBaiOTCH npH npoBe^eHnn 3KOJioro-napa3HTOJiorMHecKMx MCCJieuoBaHHH. 
HanpHMep, ycnex peajiH3auHH >KH3HeHHoro UMKjia napa3MTa b npHpoue onpeuejin- 
eTCH OHeHb CJlO^KHblM KOMIUieKCOM a6HOTHUeCKMX M 6 mOTHHCCKHX 4>aKTOpOB, KOH- 
TpojinpyeMoe BocnpoH3BeueHHe Koraporo b jia6opaTopHbix ycjioBHnx nacTO OKa3bi- 
BaeTCH HeB03M0^KHbiM. 06biHHbiM nouxouoM k onMcaHMio M3ynaeMoro npouecca b 
T aKHx cjiynanx hbjihctch MaTeMaTHnecKoe MOuejiHpoBaHHe. fleHCTBMTejibHO, MaTe- 
MaTHnecKoe MouejmpoBaHHe uihpoko npaKTHKyeTCH b cobpcmchhoh omnorMHe- 
ckoh napa3HTOJiorHH (Anderson,1985,1987; Anderson, May, 1985). FIpH otom mc- 
nojib3yiOTCH KaK HMHTauHOHHbie, Tax h KOHuenTyajibHbie, mjih aHajiHranecKMe, 
MO^eJIM. 

npw nOCTpoeHMH HMHTaUHOHHOH MO^eJlH OCHOBHOH 3auaHCH HBJIHCTCH OTbl- 

CKaHne HeKOTopon 4>yHKUHH, onncbiBaioLueH M3ynaeMbiH npouecc b onpeuejieH- 
hoh o6jiacTM M3MeHeHHH apryMema, a TaKHte nouGop 3HaneHHH napaMeTpoB 3toh 
4>yHKUMM, npn KOTopbix 6yueT uocraraTbCH Hanjiynmee cootbctctbhc moucjim c 
UCHCTBMTCJIbHOCTbK). O^HaKO (|)yHKUHH, JIOKaiUaH B OCHOBe HMHTaUHOHHOH MO^e- 
JIM, Heo6H3aTeJlbHO OTpaxaeT 3aKOHOMepHOCTM, no KOTOpbIM pa3BHBaeTCH MO^ejm- 
pyeMbin npouecc. FIooTOMy ecjin apryMeHT bmxouht 3a npeuejibi 3auaHHoro unana- 
30Ha, to Taicafl Mouejib TepneT nporHocraHecKHe CBOHCTBa. B to xe BpeMH 3Mnn- 
punecKM nouo6paHHaH cJ)opMa 3aBncnM0CTM MoxeT oneHb tohho oTpaxaTb 
MOuejinpyeMbin npouecc b otom uwana30He. 

KOHuenTyajibHbie, hjih aHajiMTHHecKne, moucjih ctpohtch Ha ochobc onpeue- 
jieHHbix npeunojioxeHMM OTHOCHTejibHO MouejmpyeMoro npouecca n bjimhioiuhx 
H a Hero 4>aKTopoB. Hx ueHHOCTb coctoht npe>Kue Bcero b tom, hto conocTaBJieHne 
noBeueHMH TaKon moucjim c npnpouHbiMH HaGjnoueHMHMM no3BOJineT cuenaTb Bbi- 
bou o cnpaBeuJiMBOCTM npeunojioxeHHH, jioKamwx b ochobc moucjim. TaKMM o6pa- 
30M, mo)kho oueHMTb, kbkhc (J)aKTopbi HrpaiOT KjnoneByK) pojib npn peajiM3auMM 
MouejmpyeMoro npouecca b npnpoue. Hmchho otot nouxou Mbi Mcnojib30Bajm npn 
aHajiH3e 3apaxeHHOCTM mhuhh Mytilus edulis (Mollusca: Bivalvia) MeTauepKapHHMM 
Himasthla elongata (Trematoda: Echinostomidae). 
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Mmamh ci>eAo6HaH (Mytilus edulis) npe^CTaBJiHeT co6om oamh *m 3 BaxcHeHiiiHx 
KOMnoHeHTOB 6 moucho30b jiHTopajiH h BepxHen cySjiHTopajiM Bejioro Mopn, rAe 
3aHacTyio HBJineTCH BHAOM-3AH(J)HKaTopoM (JlyKaHMH, 1985; CyxoTHH, 1993). Moa- 
AlOCKM HMeiOT OTHOCMTeJIbHO AOATOXCHBymyK) nJiaHKTOHHyiO AHHHHKy, hto o6ec- 
neqMBaeT hx uinpoKoe pacnpocrpaHeHMe. MaKCHMajibHan npoAOAxtHTeAbHOCTb 
XCM3HH MHAHM B BejIOM MOpe COCTaBJlHCT 10—11 JieT. B TCHeHHe Been XCM3HH MOJI- 
aiockm cnoco6Hbi k jioKajibHbiM nepeMemeHMHM (JlyKaHHH, OmypKOB, 1981; Jly¬ 
KaHMH, JIaHryeB, 1982; Beprep m ap., 1985). 

>KH3HeHHbiH uhkji Himasthla elongata 6biJi noApo6HO onMcaH BepAHHroM 
(Werding, 1969) Ha no6epextbe CeBepHoro Mopn. IlepBbiM npoMexcyTOHHbiM xo- 
3hmhom aah 3Toro napa3HTa cjiyxcaT jiHTopajibHbie nepeAHexca6epHbie mojijhockm 
Littorina littorea , L. saxatilis h L. obtusata. B TeneHne Teraoro ce30Ha M3 nepBbix 
npoMexcyTOHHbix xcmeB bmxoaht bkimbho nAaBaiomne ahhmhkm napa3HTa — uep- 
KapMM. floCJie BCTpeHH C nOAXOAHLUMM BTOpbIM npOMeXtyTOHHblM X03HHH0M, B pO- 
jim KOToporo nacTO BbiCTynaeT mmamh, uepKapMH bkimbho bhcaphiotch nepe3 ero 
noKpoBbi m MHUHCTHpyioTCH b MbimenHOH TKaHM Horn MOJiJiiocKa, npeBpamancb B 
noKonmyiocH CTaAHio — MeTauepKapnio. 

MATEPHJI H METOflbl 

C6op MaTepnajia. Mmahm coOnpaAH Ha JiHTopajiH 6yxTbi Kpyrjian ry6bi Hy- 
na KaH^ajiaKUiCKoro 3ajiMBa Bejioro Mopn. IlpoSbi OT6npaAH b npe^ejiax nonca 
<f>yKOHAOB OAHOBpeMeHHo y HyjiH rjiydMH m b cpe^HeM nacTH nonca. Bcero 6biJio 
npoBe^eHO 9 ebeMOK b pa3AHHHbie ce30Hbi (HonSpb 1999 r., MapT, aBryd, Hoa6pb 
2000 r., MapT, aBrycT, Hon6pb 2001 r., MapT, HiOHb 2002 r.). Y KaxcAoro MOJiJiiocKa 
M3MepHJlH JXJ IMHy paKOBMHbl M OnpeACAHAH B03paCT no J1MHMHM 3HMHCM OCTaHOBKM 
pocTa (HeMo^aHOB, MaKCHMOBHH, 1983; CnpeHKo, CapaHHOBa, 1985). Elocjie oto- 
ro mojuiiockob BCKpbiBajiM, a hx MHTKHe TKaHH npoAaBAHBaAH Mexcay AByMH npeA- 
MeTHbiMM CTemiaMM h npocMaTpMBajiM non SHHOKyjiqpoM npM yBeAHHeHHH x28. 

npH 3TOM AAA KaXCAOH BCKpbITOM 0C06h peTMCTpHpOBaJlH HaAHHHe M KOAHHeCTBO 
MeTauepKapMH Himasthla elongata. Bcero 6biJio bckpmto 1152 MOJiJiiocKa B03pac- 
TOM OT 1 AO 9 JieT. 

OnncaHMe moacam. Ilpn nocTpoeHHH moacam, onncbiBaiomeH 3apaxceH- 
HOCTb mmahm MeTauepKapMHMH Himasthla elongata b 3aBMCMMOCTM ot BbipaxceHHO- 
ro b roAax B03pacTa MOJunocKa-xo3HHHa, mcxoaham m3 cjieAyiomHx npeAnojioxce- 
HHM: 1) X03HMH B TeHCHHe BCeH CBOeH XCH3HH nOCTOAHHO MJ1M nepMOAHHeCKH MO- 
xceT BCTynaTb b kohtbkt c HHBa3HOHHbiM HaqajioM; 2) BeponraocTb 3apaxceHHA 
OAMHaKOBa aah Bcex oco6en xo3HHHa h He MeHneTCH c ero B03pacTOM (xo3amh 3a- 
paxcaeTCH b KaxcAbiH cjieAyiomMH toa BHe 3aBHCHMOCTH ot 3apaxceHHH b npeAinecT- 
ByiomMM nepMOA BpeMeHM); 3) ocBoSoxcAeHne 3apaxceHHoro xo3AHHa ot napa3MTa 
HeB03MOXCHO. 

06o3HaHHM BepoHraocTb 3apaxceHHH oco6h xo3HHHa napa3HTOM b TeneHne oa- 
Horo roAa xcm3hm KaK /?, a BeponraocTb 0Ka3aTbcn 3apaxceHHbiM nepe3 n act KaK P n . 
OqeBMAHo, hto BepoHraocTb ocTaTbCH He3apaxceHHbiM Ha npoTHXceHMM Toro xce ro¬ 
Aa 6yAeT paBHa 1 —p, a no AocTHxceHHH ^-Aeraero B03pacTa oKaxceTCH paBHOM 
1 —P n . MoAeAb ocHOBbiBaeTCH Ha npeAnoAOxceHMH, hto xo3hmh 3apaxcaeTCH Kaxc- 
Abin roA BHe 3aBMCMM0CTM ot 3apaxceHMH b npeAinecTByiomMM nepMOA BpeMeHM. 
TaKMM o6pa30M, HTo6bi ocTaTbCH He3apaxceHHbiM k A-AeraeMy B03pacTy, xo3hmh 
AOAxceH hm pa3y He 3apa3MTbcn b TeneHne n act, mhmmm caobbmm xo3hmh aoaxcch 
He 3apa3HTbCH n pa3 npn BepoHTHocTM ocTaTbcn He3apaxceHHbiM b TeneHMe roAa 
1 —p. IlocKOAbKy BepoHTHocTb coBOKynHOCTM He3aBHCHMbix co6biTMM paBHa npo- 
M3BeAeHMIO MX BepOHTHOCTeM, BepOHTHOCTb OCTaTbCH He3apaXCeHHbIM no AOCTMXCe- 
hmm tf-Aeraero oKaxceTcn paBHon: 


403 



( 1 ) 


\-p n =(\-p) n . 

CooTBeTCTBeHHo BepoHTHOCTb OKa3aTbCH 3apaxeHHbiM nepe3 n jieT 6yueT 

Pn = 1-(1 -/>)"• ( 2 ) 

IlojiyHeHHaH ^opMyjia no3BOjineT, hcxojih H3 bcpohthocth 3apaxeHHH 3a rou (p ), 
BbIHHCJIHTb BepoHTHOCTb OKa3aTbCH 3apaxeHHbIM no UOCTHXeHHH JIK)6orO B03pac- 
Ta n h CooTBeTCTBeHHo TeopeTMHecKyio 3apaxceHHocTb tf-jieTHHx oco6en xo3HHHa. 
TaKMM o6pa30M, euHHCTBeHHbiM napaMeipoM Mouejin (1) OKa3biBaeTCH p — Bepo- 
HTHOCTb 3apaXCeHHH 0 C 06 h X03HHHa 3a OUHH TOR. 

fljiH oueHKH 3HaneHMH 3Toro napaMeTpa 6bui ncnojib30BaH cjieuyiomHH nouxou. 
PaBeHCTBo (1) HHane moxcho 3anncaTb KaK 

p = (3) 

Ecjih b 3tom BbipaxceHHH (3) BepoHTHOCTb OKa3aTbCH 3apaxceHHbiM no uocraace- 
hmm ^-jieraero B03pacTa P n 3aMeHHTb ee BbiOopoHHon ouchkoh — uojien 3apaxceH- 
Hbix I m to Mbi npnueM k oueHKe bcpohthocth 3apa3HTbCH b TeneHne ojxhoto roua 
no Bbi6opKe fl-jieTHHx oco6en: 


Pn (4) 

CiaTHCTHHecKaa o6pa6oTKa. Elepeu aHajiH30M uaHHbie no 3apaxceHHO- 
CTM MHflHH 6bIJIM oG^e^MHCHbl UJIH BCeX MeCT M CpOKOB B3HTHH npo6. B KBHeCTBe 
oueHKH 3HaneHHH bcpohthocth 3apaxceHHH 3a ouhh rou (napaMeTp Mouejin p) hc- 
nojib30Bajiacb cpeuHeB3BeiueHHaH arcsin-npeo6pa30BaHHbix Bbi6opoHHbix oueHOK 
3toh BepoHraoc™ (/?'„), Korapan 3aTeM nojiBeprajiacb o6paTHOMy npeo6pa30Ba- 
HHK). npH BbIHHCJieHHH CpeUHeB3BeiIieHHOH BepOHTHOCTH M3 aHajIH3a HCKJIIOHa- 
jiHCb Bbi6opKH co 100 %-hoh 3apaxeHHOCTbio. fljiH onpeuejieHHH uoBepnTejibHoro 
HHTepBajia cpeuHeB3BemeHHOH bcpohthocth b KanecTBe o6beMa Bbi6opKH 6biJia 
HCn0JIb30BaHa CyMMapHan HHCJieHHOCTb Bbl6opOK, BKJIIOHeHHbIX B aHajIH3. 

,H,JIH BbIHHCJieHHH UOBepHTejIbHbIX HHTepBajIOB UOJieH HCn0JIb30BaJiaCb TOHHaH 
4)opMyjia Oninepa. ^OBepnTejibHbie HHTepBajibi MejinaH Bbinncjinjincb no tohhoh 
4)opMyjie, npHBouHMOH )Khbotobckhm (1991). fljin onpeuejieHHH CTaTHCTHnecKOH 
UOCTOBepHOCTH pa3JIHHHH MQWJXy OMnnpHHeCKOH (npnpOUHOH) H TeopeTHHeCKOH 
(cMouejinpoBaHHon) 3apaxceHHOCTHMH Hcnojib30BajiCH KpHTepHH x 2 . Jinn onpeue- 
JieHHH CTaTHCTHHeCKOH UOCTOBepHOCTH pa3JIHHHH B nonapHbIX CpaBHeHHHX UOJien 
Hcnojib30BajiCH TOHHbiH KpHTepHH Oninepa. 

PE3yjIbTATbI H OBCy^KUEHHE 

flaHHbie no 3apaxceHHocTH mhuhh pa3Horo B03pacTa h paccHHTaHHbie Ha hx 
OCHOBaHHH oueHKH BepoHTHOCTH 3apaXCeHHH 3a OUHH TOR XCH3HH npHBeueHbl B 
TaGjiHue. BbiHHCjieHHan no sthm uaHHbiM oueHKa bcpohthocth 3apa3HTbcn b Te- 
neHHe roua p 1 0Ka3ajiacb paBHon 0.3476 (0.3196—0.3761). Flpn ncnojib30BaHHH 
3toto 3HaneHHH b KanecTBe napaMeTpa Mojiejin (2) He 6buio o6HapyxceHO ctbth- 
CTHHeCKH 3HaHHMbIX pa3JIHHHH MtyKJiy npnpOJIHOH H CMOUeJIHpOBaHHOH 3apaxeH- 
HOCTHMH (P^>0.05). Bojiee TOTO, CTaTHCTHHeCKH 3HaHHMbie pa3JIHHHH OTCyTCTBO- 
BajiH (P>0.05) npn nonapHOM cpaBHeHHH OMnnpnHecKon (I n ) h TeopeTHHeCKOH 
( P n ) 3apaxeHH0CTen b npejiejiax jhoOoto B03pacTa n (pnc. 1). MejmaHHan hhtch- 
CHBHocTb HHBa3HH cocTaBHJia 5 (4—6) MeTauepKapHH Ha ouHy 3apaxceHHyio 
oco6b. 
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3apaaceHHocTb mh^hh pa3Horo B03pacia b 6yxie Kpyrjiaa 


Infection rate in mussels of different ages from the Kruglaya inlet 


Bo3paCT MHaHH, 
n (roabi) 

HhCJIO BCKpbITbIX 

mh,hhh, N n 

#OJIfl MHann, 3a- 
paxceHHbix 

H. elongata , I n 

Ouemca BepoflTHO- 
CTH 3apa3HTbCfl 3a 

oanH roa, p n 

1 

23 

0.3478 

0.3478 

2 

108 

0.4815 

0.2799 

3 

136 

0.7132 

0.3406 

4 

147 

0.8912 

0.4256 

5 

171 

0.9006 

0.3698 

6 

218 

0.9358 

0.3672 

7 

174 

0.954 

0.3559 

8 

115 

0.8957 

0.2461 

9 

60 

1 



npe^CTaBjieHHafl Mcxaejib 3apaxceHHOcra mmoth MeTauepKapHHMH Himasthla 
elOHgata B 3aBHCHMOCTH OT B03paCTa X03HHHa (2) mcxo^mt M3 otcytctbmh bjimhhmh 
Ha 3apaXCeHHOCTb TaKHX (J)aKTOpOB, KaK pa3JIMMMH B HH^MBH^yaJIbHOH pe3HCTeHT- 
HOCTH X03HHHa K 3apaXCeHHIO, MHrpaiXHH OCOSeH X03HHHa, H3MeHeHHe BepOHTHO- 
cth 3apaxceHHH c B03pacT0M oco6h h M3MeHeHHe xcH3Hecnoco6HOc™ 3apaxeHHoro 
xo3HHHa. OTcyTCTBne ^ocTOBepHbix pa3jmmfH Me^my SNinupunecKOH h Teoperane- 
ckoh 3apaxceHHOCTbio (pnc. 1) no3BOJiaeT npe^nojioxcMTb, hto yKa3aHHbie <J)aKTopbi 
b ycjiOBHflx 6yx™ Kpyrnan He OKa3biBaioT cymecTBeHHoro bjihhhmh Ha 3apaxeH- 
HOCTb mhahh MeTauepKapHHMM H. elongata. 



Phc. 1. IlpHpoflHaH OKCTeHCMBHOdb MHBa3HH Mytilus edulis MeiauepKapHHMH Himasthla elongata Ha jih- 
TopajiH 6yxTbi Kpyrjiaa (oMnupHnecKan) h TeopeTHHecKan (paccHHTaHHaa Ha ocHOBaHHH Moaejm 6e3 

yneia aHtJxJjepeHUHaabHOH cMepTHOcra). 

no ocm a6cuMcc — B03pacT MMaHH (roabi); no och opanHaT — aoaa MoaaiocKOB, 3apaxceHHbix H. elongata. HepHbie 
TpeyroabHMKM — SMnMpMMecKMe aaHHbie; cBeiabie icpyxocn — pe3yjibTaTbi pacMeTOB. 


Fig. 1. Empirical (solid line with black triangles) and theoretical (dashed line with white circles ) parts of 
Mytilus edulis infected metacercariae of Himasthla elongata in the inlet Kruglaya depending on host age. 
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Phc 2. CpeflHHM pa3Mep paKOBHHbi co6paHHbix Ha JiMTOpajiM 6yxTbi Kpyrjiaa. 

no OCH aScUHCC — B03paCT MHflHH, B TCXHax; no OCH Op^HHaT — pa3Mep MOJ1J1IOCKOB (mm). 

Fig. 2. Mean concha size of mussels collected on a littoral fringe of the Kruglaya inlet. 

HajiHHHe pe3HCTeHTHbix k 3apaxceHHio Mnann uojixcho npnBOAHTb k yMeHbine- 
hhk) aojih 3apaxceHHbix oco6en. npnneM otot 3(|)(|)eKT uojdkch ycnjinBaTbcn c bo3- 
paCTaHHeM BepOHTHOCTH 3apaXCeHHH ( P n ), HTO npHBOUHJIO 6bl K CHHXCeHHK) OUeHOK 
BepOHTHOCTM 3apaxceHMH b TeneHne o^Horo ro,aa (/?„) c yBejinneHneM B03pacTa mh- 
(n ). OTcyrcTBHe nouoSHoro 3(|)(|)eKTa (cm. TaSjinuy) no3BOJineT cuejiaTb BbiBOA 
06 OTCyTCTBHH BJIHHHMH pe3HCTeHTHOCTH X03HHHa Ha 3apa>KeHHOCTb MHUHH MCTa- 
uepKapHHMH Himasthla elongata b ycjiOBnnx SyxTbi Kpyrjian. 3tot bmbo jx HaxoAHT- 
Cfl B HeKOTOpOM npOTHBOpeHHH C CyiUeCTBeHHblMH pa3JIHHHHMH B HHUHBHUyaJIb- 
hoh pe3HCTeHTHocTH mhuhh k 3apaxceHnio uepKapnnMn Himasthla elongata , o6Ha- 
pyxceHHbiMH b 3KcnepMMeHTax in vitro, ripn noMeiueHnn uepKapnn 3Toro Bnua, 
nojiyneHHbix m3 ouhoh oco6h Littorina littorea , b SecKJieTOHHyio ^paKunio (njia3- 
My) reMOJiHM(|)bi, b3htoh y pa3Hbix oco6en Mytilus edulis , CMepraocTb jihhhhok na- 
pa3HTa BapbnpoBajia ot 4 jxo 100 % (ropSyinnH, JleBaKHH, Heony6;iHKOBaHHbie 
AaHHbie). BMecTe c tcm b tom xce nccjieuoBaHnn 6biJio oSHapyxceHO CTOJib xce cyme- 
CTBeHHoe BapbnpoBaHne ycnexa HHUMCTupoBaHUH uepKapnn, nojiyneHHbix n3 pa3- 
Hbix oco6en Littorina littorea b njia3Me reMOJinM(|)bi o^Hon mhuhh. Taxne pa3JinnnH 
b «nHBa3noHHOCTn» napa3nTa, Beponrao, MoryT KOMneHcnpoBaTb pa3JinHHH b hh- 
OTBnAyajibHon pe3ncTeHTHOCTn xo3HHHa npn aHajin3e npnpouHon 3apaxceHHOCTn. 
KpoMe Toro, cooTBeTCTBne ycnexa HHuncTnpoBaHHfl uepxapnn in vitro n in vivo 
TpeGyeT uonojiHHTejibHoro H3yHeHHH. 

Xoth mhahh n cnoco6Hbi nepeMeiuaTbcn, ncnojib3yn Hory, CKOJibKO-Hn6yzu> 
3HannTejibHbie Mnrpaunn coBepmaiOT Jinnib 1—2-JieTHne oco6n. riepeMeiueHnn 
6ojiee CTapmnx mojijiiockob BecbMa jiOKajibHbi — nocjieuHne He Bbixo^HT 3a npe,zte- 
jibi 6noTona b kotopom o6nTaiOT (CaBnjiOB, 1953). TaKHM o6pa30M, BJinHHne Mn¬ 
rpaunn xo3nnHa Ha 3apaxceHHOCTb mhahh MeTauepxapnHMn Himasthla elongata 
OKa3biBaeTCH BecbMa He3HaHHTejibHbiM, hto n noOTBepxcuaeTcn xopomnM corjiaco- 
BaHneM Mo^ejin c npnpouHbiMn Ha6jno£eHHHMH. 

H3BecTHO, hto CKopocTb (JmjibTpaunn y mhuhh 3HannTejibHO yBejinHHBaeTcn c 
pa3MepoM oco6n (Jorgensen, 1990; Winter, 1978). Cpe^Hnn pa3Mep mhahh, co6- 
paHHbix Ha jiHTopajin 6yxTbi Kpyrjian, yBejinHHBajicfl c B03pacT0M oneHb cnjibHo 
(pnc. 2). QztHaKO 3aMeTHoro noBbimeHnn BeponraocTn 3apaxceHHH b TeneHne ro,zta 
npn 3 tom He nponcxo^nT (cm. TaSjinuy). no-BuzuiMOMy, (^njibTpaunoHHan aKTHB- 
HocTb xo3HHHa b ycjioBHHx SyxTbi Kpyrjian He OKa3biBaeT cyiuecTBeHHoro bjihhhhh 
H a ycnex ero 3apaxceHHH. 
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Phc. 3. MHTeHCHBHOCTb MHBa3HH Mytilus edulis, 3 apa)KeHHbix MeiauepKapHHMH Himasthla elongata Ha 
jiHTOpajiH 6yxTbi Kpyniafl b 3aBHCHMOCTH ot B03pacia. 

no och a6ciiHcc — B03pacT mhahh, b rojiax; no och op^HHaT — hhcjio MeTauepicapHH b MOJunocKax. CBeTJibie npaMO- 
yrojibHHKH — Me^naHa; nepHbie KBa^paTbi — Mo^a. 

Fig. 3. Intensity of invasion in Mytilus edulis infected with metacercariae of Himasthla elongata in intertidal 
the zone of the Kruglaya inlet depending on host age. 


HeKOTopbie pacxo^eHMH Mexcfly 3apaxceHHOCTbio, npeacKa3biBaeMOH Mo^e- 
Jibio, m peajibHOii Bee xce cymecTByioT. JXjih 8-jicthmx TaKne pa3JiMHHH 6jih3- 

KM K CTaTMCTMHeCKM 3HaHMMbIM (P = 0.0667). B03M0XCH0, HTO TaKafl CMTyaUMfl HB- 
jineTCH cjie^CTBneM He^ocTaTonHoro o6i>eMa BbiOopKM m npn 66jibimix hmcjichho- 
CTflX yKa3aHHbie pa3JIHHMfl MOrJIM 6bl OKa3aTbCfl ^OCTOBepHblMH. OTCyTCTBHe 
pa3JiMHMM Mexcay TeopeTHHecKon 3apaxceHHOCTbio h OMnHpHHecKoii y 9-jicthmx 
ocoOen TaKxce hbho Bbi3BaHO MajibiM o6i>eMOM BbiOopKH. Tlpn BepoHTHOCTM 3apa- 
xceHMH b TeqeHMe roaa, paBHoii 0.3476, MO^ejib (2) npe^CKa3biBaeT 97.86 %-Hyio 
3apaxceHHOCTb 9-jicthhx AnpuopHaa oueHKa hmcjichhocth BbiSopKM (Xh- 

botobckhm, 1991), b KOTopoM c 95 %-hoh BepoHTHOCTbio 6yaeT oOHapyxeHa XOTH 

6bl 0,ZlHa He3apa>KeHHaH 0 C 06 b flJIfl TaKOH 3KCTCHCHBH0CTH HHBa3HH OKa3bIBaeTCH 
paBHon 139 oco6hm, b to BpeMH KaK Bcero 6bmo BCKpbiTO 60 mojijiiockob 9-JieTHero 
B03pacTa (cm. TaOjinuy). 

AHajiM3 HHTeHCHBHOCTH MHBa3MM MeTauepKapMHMH Himasthla elongata 

noKa3biBaeT, hto npn fioctohhhom pocie ee Me^naHHoro 3HaqeHMH c B03pacT0M 
xo3HMHa, MO^a ^ocTMraeT MaKCMMyMa Ha 7-n ron xch3hh mh^hh, a 3aTeM pe3KO 
CHHxcaeTCH (pnc. 3). KpoMe oneBM/iHoro noBbiineHHH arperapoBaHHoc™ pacnpe- 
/lejieHHH napa3HTa, 3to o6cTOHTejibCTBO no3BOJineT npe^nojio>KHTb cymecTBOBaHHe 
ztH(J)(i)epeHUHajibHOH cmcpthocth xo3HHHa, KOTopaH npoHBJiHeT ce6n TOJibKO nocjie 
7-ro ro^axcH3HH. Ecjih 3to npeflnojioxceHHe BepHO, to 7—8 MeTauepKapun Ha owy 

0C06b X03HHHa OKa3bIBaiOTCH TOM HHTeHCHBHOCTbK) HHBa3HH, KOTOpafl MOXCCT CHH- 
xcaTb xcH3Hecnoco6HOCTb nac™ 3apaxceHHbix Ha 8 -om h 9-om ro^ax xcm3hm. 

HajiMHMe ^H(|)(|)epeHUHajibHOH CMepraoc™ (flC) npe^nojiaraeTcn ajih mhothx 
napa3MT-xo3HHHHbix CHCTeM (Lauckner, 1983). HtoGw ynecra bjihhhhc ototo (J)aK- 
Topa b Mo^ejib 3apaxceHH0c™ flOJixeH 6bira BBefleH eme o^hh napaMeTp — K03(J)- 
(J)HUHeHT OT(J)(|)epeHUHajibHOH CMepraoc™ (KflC), OTpaxcaiomnn cHHxceHMe Bepo- 
hthoctm BbixcHTb y 3apaxceHHbix oco6en no cpaBHeHHio c He3apaxceHHbiMH 
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me v* — BepoHTHOCTb Bbi^KHTb k B03pacTy n oth 3apa^ceHHbix, a v n — He3apaxceH- 
HblX 0C06eM COOTBeTCTBeHHO. 

EcJIH flC H COOTBeTCTBeHHO KflC OKa3bIBaiOTCH pa3HbIMH RJlfl. pa3H0B03paCT- 
Hbix oco6en xo3HHHa, to (|)opMyjiy (2) jiynuie npmcTaBHTb b peKyppeHraon (|)opMe: 


P\ =p. 


a jxjisi jho6oto zipyroro B03pacTa 

P n+l =P n +p(\-P n ), ( 6 ), 

nOCKOJlbKy BepoHTHOCTb COBOKynHOCTH 3aBHCHMbIX COObITHH paBHa CyMMe MX Be- 
poHTHOCTew, a Ha 3Ha4eHne P n +j b TeneHne n-ro npoMexcyTKa BpeMeHM moxct no- 
BjiHHTb TOJibKO BepoHTHOCTb 3apaxeHMH HeaapaxceHHbix oco6en. Toma BeponT- 
HOCTb 0Ka3aTbCH 3apaxceHHbiM b 3toh Mo^ejiH c yneTOM flC dyner paBHa 

Pi =*i Pi, 

P nA =k n (P„ + p(\-P ll )), (7), 

me k n — K03(|)(|)HUHeHT JXC zuih oco6en fl-jieTHero B03pacTa. 

OueHHTb 3HaneHHe 3 toto napaMeTpa MO^ejin, paBHO KaK n jho6oto apyroro, 
moxcho, Hcnojib3yn nojxdop 3HaneHHH napaMeTpa, npn kotopom HeKOTopan Mepa 
6 jih3octh npe^cKa3biBaeMbix Mo^ejibio h HaOjinmaeMbix 3HaneHHH oKaxceTcn mh- 
HHMajibHon. B KanecTBe Taxon Mepbi 6 jih3octh MO^ejin h HaOjinmaeMbix 3Ha4eHnn 
MoxceT 6biTb Hcnojib30BaHa cyMMa a6cojnoTHbix otkjiohchhh: 

max 

H\k-Pn\, (8) 

n=\ 

me I n — 3MnHpnHecKaH ^ojih 3apaxceHHbix oco6en xo3HHHa b BbiSopKe n -ro bo 3- 
pacTa, a P n — Teopera4ecKaH, BbiHHCJieHHaH hcxoot H3 Mo^ejin. flencTBHTejibHO, 
nojiyneHHoe TaKHM o6pa30M 3Ha4eHne bcpohthocth 3apa3HTbca 3a tor (p) zuih mo- 
,aejiH 6e3 yneTa ,3,C (2), paBHoe 0.3478, nona,aajio b TOBepHTejibHbiH HHTepBaji Bbi- 
OopoHHon oueHKH 3TOTO napaMeTpa p = 0.3476 (0.3196—0.3761) n 6buio 6 jih3ko k 
H en no 3Ha4eHHio. Elpn 3 tom 3Ha4eHnn napaMeTpa (p = 0.3478) cyMMa aOcojnoT- 
Hbix OTKjioHeHHM (8) OKa3biBajiacb MeHbiuen nun Mo^ejin c yneTOM (7), b koto- 
pon Bee K/I,C npnHnMajrncb paBHbiMn 1, KpoMe kg = 0.926. 3to 3HaneHHe KflC 
£Jih 8-jieTHHx oco6en Taxxce 6biJio nojiyneHo mcto^om MHHHMH3aunn cyMMbi a6co- 
JHOTHblX OTKJIOHeHHH (8). 


BblBO^bl 

1. KaK noKa3aHO Ha npnMepe 3apaxceHHOCTn mhahh MeTauepKapnHMM 
H. elongata b ycjiOBHnx 6yxra Kpyrjian, npocTan BepoHTHOCTHaa MO^ejib moxcct 
xopoino onncbiBaTb npnpozmyK) 3apaxceHHOCTb xo3HHHa. 3 to oScTOHTejibCTBO no- 
3BOJineT c/iejiaTb BbiBO# o tom, hto b ^hhom cjiynae 3apaxceHHOCTb xo3HHHa b ue- 
JIOM Onpe/ieJIHeTCH CT0XaCTH4eCKHMH npHHHHaMM. 

2. B HeKOTopbix cjiynanx BepoHTHOCTb 3apaxceHnn MOxceT He 3aBnceTb ot bo 3- 
pacTa n pa3Mepa xo3HHHa. 

2. 3KOJioro-napa3nTOJiorn4ecKnn nojxxojx moxcct 6biTb MajionpnMeHMM xui n aHajiH3a 
nnanBH^yajibHbix pa3JiH4HH b pc3hctchthocth xo34HHa n MHBa3noHHOCTH napa3HTa. 

4. ripnMeHeHHe no#o6Hbix Mo/iejien no3BOJineT onpmejiHTb H3MeHeHne ot 4)- 
4)epeHUnajlbHOn CMepTHOCTH C B03paCTOM X034HHa, 4T0 MOXCeT 6bITb 04CHb BaXCHO 
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m h noHHMaHHH Toro, KaK peajiH3yeTca >KM3HeHHbiM uhkji napa3ma jih6o ero wacTb 
B KOHKpeTHOH SKOCHCTCMe. 


Abtopm cqmaior cbohm npiuiTHbiM aojitom Bbipa3HTb raySoKyio 6jiaro^apHOCTb 
k.6.h. A. M. rop6yuinHy 3a meio HCCJieaoBaHHfl h ueHHoe o6cyxaeHHe. 
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USAGE OF PROBABILISTIC MODEL FOR AN ESTIMATION OF A RATE OF 
INFECTION MUSSELS (MYTILUS EDULIS) BY METACERCARIAE HIMASTHLA 
ELONGATA (TREMATODA: ECHINOSTOMIDAE) 

I. A. Levakin, K. E. Nikolaev 

Key words'. Mytilus edulis , Himasthla elongata, Trematoda, mathematical models, 
metacercariae probability of infection. 


SUMMARY 

A comparison of simple probability analytic model of infection rate depending on host’s 
age with natural infection rate of mussels (Bivalvia: Mythilidae) with metacercariae Himasthla 
elongata (Trematoda: Echinostomidae)was carried out. Data on the natural rate of infection 
were accumulated during 3 years; 1152 individuals M. edulis were collected in two horizons 
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within fucoid zone of the Kruglaya inlet and the Chupa inlet of the Kandalaksha bay (White 
Sea). A size of shell and number of H. elongata metacercariae were defined for each mussel 
using compressive dissection technique. The infection of mussels per year within our model is 
considers as independent evens: P n =1-(1- p) n , where n is the age of mussels, P n is the 
theoretical part of infected rc-year mussels, p is the probability of infection within one year. The 
probability of infection within year is assumed equal for every age of host. The estimate of 
probabilit y of in fection per year on the basis of sample of ^-year’s mussels was calculated as 
p n = 1 - «/l - I n , where n is the age of mussels, I n is the part of infected n- year mussels. The 
retransformed weighted average value of arcsine-transformed p n was used as p in our model 
(p= 0.3476). Statistically significant differences between empirical and theoretical (calculated 
from our models on the basis this value) infection rates were not found (P>>0.05 x 2 -test). 
Moreover, statistical significant differences were absent (P>0.05 Fisher exact test) in pairwise 
comparisons between empirical and theoretical infection rates for each age of mussels. 

The model does not take into consideration an effect of such factors as host’s resistance, 
host’s migration and increase of mortality in infected hosts. The absence of significant 
differences between the empirical and theoretical infection rates allows to suggest, that 
mentioned factors under the conditions of the Kruglaya inlet do not influence essentially onto 
infection of mussels with metacercariae H. elongata . This conclusions is in certain inconsistency 
with essential differences in such characteristic as an individual resistance of mussels to the 
infection with metacercariae H. elongata , detected in experiments in vitro (Gorbushin, 
Levakin, unpublished data). Analysis of intensity of the invasion of metacercariae H. elongata 
into mussels allows to suggest the existence of differential death rate of the hosts, which is 
exhibited in individuals over 7 years old. Studied example of mussels infected with 
metacercariae H. elongata under conditions of the Kruglaya inlet shows that the simple 
probabilistic model of the natural infection rate is usable for this kind of investigation. Our 
study also allows to conclude that in this case the infection rate of hosts is mainly determined 
by stochastic reasons. However, in some cases the probability of infection rate may not depend 
on the age and size of the host. The study of infection rate can not be used for analyses of 
individual differences of hosts in a resistance to parasites and an infection ability of the parasite. 
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